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STABILITY OF OLIGOSACCHARIDES DERIVED FROM 
  
LACTULOSE DURING THERMAL PROCESSING  
 
OF MILK AND APPLE JUICE 
 
Changes in the concept of food  
Satisfy hunger 
Provide necessary nutrients for humans 
Prevent  nutrition-related diseases  
Improve physical and mental well-being of consumers 
Wide range of compounds with particular bioactivity 
 
 
Food ingredients or dietetic supplements   
PREBIOTICS 
A prebiotic is ‘‘a selectively fermented ingredient that 
allows specific changes, both in the composition and/or 
activity in the gastrointestinal microflora that confers 
benefits upon host well-being and health.’’ 
(Gibson et al. 2004) 
Criteria to be considered in a prebiotic candidate 
Nondigestibility:  
prebiotic resistance to gastric acidity,  
hydrolysis by mammalian enzymes,  
and gastrointestinal absorption 
Fermentation by intestinal microflora 
Selective stimulation of growth and/or activity 
of intestinal bacteria 
Carbohydrate                     Nondigestibility       Fermentation       Selectivity       Prebiotic status 
 
Inulin and oligofructose             Yes                            Yes                       Yes                      Yes 
 
Galactooligosaccharides        Probable                     ????                      Yes                      Yes 
 
Lactulose                                  Probable                     ????                      Yes                      Yes 
 
Isomaltooligosaccharides      Partly                           Yes                   Promising                No 
 
Lactosucrose                            NA                                NA                   Promising                No 
 
Xylooligosaccharides              NA                                NA                   Promising                No 
 
Soybean oligosaccharides      NA                               NA                   NA                             No 
 
Glucooligosaccharides            NA                               NA                   NA                             No 
NA, data not available; ????, preliminary data, but still need further research. 
Considered and potential prebiotics  
4-O-β-galactopiranosyl-D-fructofuranoside 
Lactulose 
Lactose  Lactulose 
OH-/ enzymes 
New structures with improved prebiotic properties  
Oligosaccharides derived from lactulose (OsLu)  
-New generation of prebiotic carbohydrates 
 
 
 
-Obtained by enzymatic synthesis with  
β-galactosidases (K. lactis, A. aculeatus,  
A. oryzae) during lactose hydrolysis 
 
 
 
-Isomerization in basic media of GOS 
 
  
-After purification, DP ≥ 2, mainly 6’-galactosyl-lactulose and 1-galactosyl-lactulose  
DP2 
DP3 DP4 
DP5 
DP6 
DP7 
DP8 
MALDI-TOF-MS 
Martínez-Villaluenga et al. (2008) 
Cardelle-Cobas et al. (2011) 
Anadón et al. (2013) 
Cardelle-Cobas et al. (2008) 
Oligosaccharides derived from lactulose (OsLu) 
  Bifidogenic and prebiotic properties: tested in vitro in  
pure cultures and in fecal slurries 
Assays in pure cultures Cardelle-Cobas et al. (2011) 
In vivo assays:  
 
OsLu can reach the most distant portions of gut  where they are fermented    
Hernández-Hernández et al. (2012)  
Oligosaccharides derived from lactulose (OsLu) 
SI = ((Bift/Bif0) + (Lact/Lac0) + (ERECt/EREC0) − (Bact/Bac0) − (Hist/His0)) 
/(total countt/total count0) 
SI: Quantitative measurement of all the 
changes in bacterial population 
Oligosaccharides derived from lactulose (OsLu) 
In vivo assays of toxicity 
Single and repeated oral dose (0.035 g/day, 4-fold prebiotic dose)  
Haematological parameters Clinical chemistry parameters  
Hystopathological parameters 
OsLu are non-toxic compounds 
Intervention studies with humans are being carried out¡¡ 
OBJECTIVE 
Novel ingredients 
Realistic place in the present market  
STUDY ON THE STABILITY OF OsLu OBTAINED BY TRANSGALACTOSYLATION OF 
 
LACTULOSE ADDED AT PREBIOTIC DOSE (5 g/100 mL) TO FOODS WITH DIFFERENT 
  
COMPOSITION AND PH, MILK AND APPLE JUICE  
 
Lactulose 
Transgalactosylation 
β-galactosidase from 
Aspergillus oryzae 
Monosaccharides 
 
Disaccharides 
 
Oligosaccharides 
Treatment with  
Saccharomyces cerevisiae 
Obtainment and characterization of OsLu 
OsLu ingredient 
OsLu Vivinal ® GOS  
Dry Matter (%) 80.10 78.91 
°Brix 83.7 83.1 
aw 0.58  0,58  
pH 3.01 3.41 
Assay CFU/g 
Aerobic counts at 30°C 4.3 *10^2 
Spore counts at 30°C <10^1 
Enterobacteriaceae <10^1 
Molds and yeast <10^1 
Initial characterization Microbiological characterization  
Characterization of OsLu 
Carbohydrates 
(%) 
Galactose 13.5 
Lactulose 24.2 
Lactose 4.1 
Disaccharides  22.7 
Trisaccharides 27.6 
Tetrasaccharides 7.9 
galactose 
Internal standard 
lactulose lactulose 
+lactose 
other disaccharides 
trisaccharides 
tetrasaccharides 
GC profile of the trimethylsylil  
derivatives of the oximes  
corresponding to carbohydrates 
Addition of OsLu to milk 
Gal 
 
Lu 
  
La 
  
Other 
Disaccharides 
Trisaccharides 
  
Tetrasaccharides 
  
Milk 25ºC 
7.6 a (± 0.3) 
 
2.3 a (± 1.3) 
  
5453.4 a (± 186.2) 
  
  
    
Milk 100ºC 30 min 
16.2 b (± 3.1) 
 
85.5 b  (± 7.5) 
  
5393.5 a (± 411.3) 
  
  
    
Milk + OsLu 25ºC 
490.8 a (± 25.1) 
 
816.1 a (± 53.5) 
  
5040.4 a (± 305.1) 
  
850.3 a (± 61.1) 
  
919.2 a (± 61.9) 
  
281.2 a ( ± 27.5) 
 
Milk + OsLu 100ºC 30 min 
527.6 a (± 30.8) 
 
926.4 b (± 52.6) 
  
5246.5 a (± 157.3) 
  
926.6 a ( ± 46.0) 
  
974.8 a (± 47.2) 
  
290.0 a (± 20.3) 
 
Phosphate buffer pH 6.5 + 
OsLu 25ºC 
517.9 a (± 7.4) 
 
915.4 a ( ± 9.1) 
    
873.7 a (± 21.8) 
  
972.7 a (± 48.9) 
  
287.1 a (± 13.3) 
 
Phosphate buffer pH 6.5 + 
OsLu 100ºC 30min 
551.4 b (± 8.6) 
 
853.4 b ( ± 15.3) 
  
912.2 b (± 7.64) 
  
966.9 a (± 62.9) 
 
257.9 b (± 8.7) 
 
Content of carbohydrates in mg/100 mL in milk and phosphate buffer with and without addition of OsLu  
after the heating at 100° for 30 min 
-In milk, increase of galactose and lactulose content due to the intensity of thermal treatment and no significant modification of  
the other oligosaccharides were found 
   
-In buffer, decrease in the level of lactulose which is transformed to galactose. As hardly any presence of lactose is detected in OsLu  
ingredient, no more formation of lactulose was observed 
 
-In buffer, tetrasaccharides are partially transformed to trisaccharides that can also hydrolysed to other disaccharides    
Furosine (mg/100 g protein)  
 
Temperature (ºC) 
 
Time (min) 
 
Milk  
 
Milk + OsLu 
 
80 
 
10 
 
18.9 a (±1.4) 
 
26.2 b (±1.9) 
 
  
20 
 
28.5 a (±5.2) 
 
40.6 b (±4.9) 
 
  
30 
 
40.6 a (±2.5) 
 
48.6 a (±7.8) 
 
100 
 
10 
 
109.4 a (±5.3) 
 
136.4 b (±3.2) 
 
  
20 
 
157.3 a (±2.7) 
 
192.6 b (±9.2) 
 
  
30 
 
180.7 a (±16.3) 
 
216.5 a (±18.5) 
 
Addition of OsLu to milk 
-During processing OsLu can react with proteins (Maillard reaction (MR)) 
-Furosine: indicator  of initial steps of MR 
-Increase of furosine with the intensity of thermal treatment 
-Comparing milk and with with OsLu, no significant differences were found at 30 min, probably 
ascribed to the fact that a plateau in the formation of furosine was reached 
-Values close to those observed for commercial milks 
Addition of OsLu to apple juice 
Fr 
 
Glc 
 
Gal 
 
Suc 
  
Raf 
 
Lu 
 
Other dis Tri Tetra 
Juice 25ºC 
 
  
6570.5 a  
(± 71.0) 
  
 
 
2896.6 a  
(± 30.0)  
  
13.5 a  
(± 0.8) 
 
2080.7 a  
(± 35.3) 
 
14.3 a  
(± 1.6) 
   
  
  
  
Juice 90ºC 15 min 
 
  
6623.1 a  
(± 127.1) 
 
 
 
3005.7 b  
(± 60.3) 
  
  
13.7 a  
(± 0.2) 
 
 
1866.5 b  
(± 45.2) 
 
 
6.5 b  
(± 0.3) 
 
   
  
  
  
 
 
Juice + OsLu 25ºC 
  
  
6497.9 a  
(± 76.2) 
 
 
3051.0 a  
(± 31.3) 
 
  
532.5 a  
(± 5.4) 
 
 
1380.9 a  
(± 12.4) 
 
 
10.7 a  
(± 1.2) 
 
 
893.4 a 
 (± 5.4) 
 
 
965.9 a  
(± 23.9) 
 
 
973.1 a  
(± 40.7) 
 
 
286.8 a 
 (± 11.3) 
 
 
Juice + OsLu 90ºC 15 min 
 
  
6761.8 b  
(± 126.4) 
 
 
3286.9 b  
(±  60.0) 
  
  
533.5 a  
(± 10.3) 
 
 
961.0 b  
(±16.1) 
 
 
8.5 a  
(± 0.4) 
 
 
901.3 a  
(± 14.8) 
 
 
959.9 a  
(± 19.1) 
 
 
965.6 a 
 (± 9.8) 
 
 
285.9 a  
(± 11.2) 
 
 
Citrate buffer pH 3.5 + OsLu 25ºC 
 
    
 
1.8 a  
(± 0.1)  
  
 
529.2 a  
(± 7.8) 
     
946.5 a  
(± 22.1) 
 
970.9 a  
(± 10.9) 
 
986.7 a  
(± 28.8) 
 
279.2 a  
(± 9.1) 
 
Citrate buffer + OsLu 90ºC 15 min 
 
    
 
1.8 a  
(± 0.2)  
  
 
515.5 a  
(± 8.6) 
     
946.5 a  
(± 21.9) 
 
974.03 a  
(± 32.1) 
 
993.4 a 
 (± 24.1) 
 
268.4 a  
(± 11.8) 
 
Content of carbohydrates (mg/100 mL) in apple juice and in citrate buffer with and  
without OsLu addition after thermal treatment at 90°C for 15 min 
Hydrolysis of sucrose and stability of oligosaccharides 
Sensory analyses of apple juice with OsLu 
-20 semitrained judges 
 
-Triangle test procedure (ISO Standard 4120) 
 
Comparing our sample with a sample of juice with added OsLu 
65% panellists did not distinguish the sample with OsLu  
 
-Hedonic test (scale 1-8; 1 “like very much”, 8 “dislike very much”) 
 
 
 
 
  
Scores* 
 
Apple juice 
 
2.55 a (± 0.6)   
Apple juice + OsLu 
 
4 b (± 0.97) 3.85 a (± 1.09) 
Apple juice + Vivinal ® 
GOS 
  3.15 a (± 1.09) 
*Different letters indicate significant differences (P<0.05) 
Concluding remarks 
The obtained results demonstrate: 
 
 
The stability of OsLu during the heating of foods with neutral and acid pH 
 
A potential protective effect of milk composition to heating of OsLu 
 
The acceptable organoleptic properties of apple juice with added OsLu  
similar to those of juice with commercial GOS  
All these results provide important information to be considered for an industrial  
line of functional food elaboration with OsLu 
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